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Technical Field Of The Invention 

The present invention relates in general to filters and associated filter systems, and more 
particularly to radial flow filters of the type that allow the media to be fluidized external thereto. 



Detailed Description 

Fig. 1 illustrates a device 10, although in practice it may be much longer in length, up to 
six foot or more, depending on the surface area of filter media desired. The device 10 includes a 
top end cap 12 and a bottom end cap 14. Both top and bottom end caps 12 and 14 may be 
constructed in an identical manner, using the same mold. The end caps can be constructed of 
plastic, metal or other suitable material. 
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Supported between the end caps 12 and 14 is an outer cylindrical case 16 that is 
supported between respective annular recesses in the top and bottom end caps 12 and 14 The 
case 16 can be welded or threaded to the top and bottom end caps 12 and 14 to constrain the 
perforated cylinders 22 and 32 between the end caps 12 and 14. O-rings 18 and 20 provide a 
fluid seal between the case 1 6 and the top and bottom end caps 12 and 14. 

The top and bottom end caps 12 and 14 further include other respective annular recesses 
for supporting therebetween an outer perforated cylinder 22. The outer perforated cylinder 22 
may be plastic or metal with large openings 24 formed therein. The openings 24 are formed 
generally throughout the entire length of the outer perforated cylinder 22. (However the 
perforations can be formed along any desired portion thereof). This allows the entire surface 
area of the outer perforated cylinder 22 to receive a radial flow of influent. A screen 26 is 
attached to the inside surface of the outer perforated cylinder 22. O-rings 28 and 30 provide a 
fluid seal between the outer perforated cylinder 22 and the respective top and bottom end caps 
12 and 14. K 



An inner perforated cylinder 32 is supported within respective bores (not shown) formed 
centrally in the top and bottom end caps 12 and 14. O-rings (not shown) provide a fluid seal 
between the ends of the top and bottom ends of the inner perforated cylinder 32 and the 
respective bores of the top and bottom end caps 12 and 14. Large perforations 34 are formed in 
the inner perforated cylinder 32 from the top to the bottom thereof. A screen 36 is attached to 
the outer surface of the inner perforated cylinder 32. The screen 26 held against the inside 
surface of the outer perforated cylinder 22, and the screen 36 held against the outer surface of the 
inner perforated cylinder 32, are of a mesh or porosity for containing the media 40 placed in the 
annular chamber 38 between such screens 26 and 36. 

A media, such as beads, activated carbon, particulate zirconium or any other filter 
material 40 is carried to the device 10 to fill the annular chamber 38. The media material 40 can 
also be of any other material that coacts with the influent, rather than filters the influent The 
annular chamber is called the media chamber 38. The particles of the media 40 are preferably 
larger in diameter than the screens 26 and 32, although they may be smaller when desired The 
media 40 can be injected into the media chamber 38 either by way of a channel 44 located in the 
top end cap 12, or the bottom channel 42 located in the bottom end cap 14. In the preferred 
embodiment, the media 40 fills the media chamber 38. During regeneration of the media 40 the 
media 40 is removed from the device 10 through a channel 42 located in the bottom end cap' 14. 

While the top end cap 12 and the bottom end cap 14 are shown with a single media inlet channel 
44 and outlet channel 42, such end caps can be constructed with multiple channels to facilitate 
the inlet and outlet of the media 40 with respect to the device 10. In order to allow uniform 
distribution of the media around the media chamber 38, two inlet channels 44 can be formed 
oppositely in the top end cap 12. Similarly, for complete removal of the media 40 from the 
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media chamber 38 during regeneration thereof, two outlet channels can be oppositely located in 
the bottom end cap 14. As yet another alternative to the end cap design, the top end cap can be 
constructed with one or more inlet channels (not shown) opening to an annular groove which 
will function to uniformly distribute the media 40 around the annular-shaped media chamber 38. 
The bottom end cap 14 can be formed with a similar structure to assure that the media 40 can be 
completely removed from the media chamber 38 during the regeneration cycle. As will be 
described more fully below, the media 40 is removed from the device 10 by a fluidization 
process, and coupled to a regeneration container for either removing the filtered particulate 
matter from the filter media, or for regenerating the media chemically or otherwise to 
reconstitute it to its pristine state. 

The inner perforated cylinder 32 has a plate 50 located centrally therein and near the top 
to prevent fluid flow from the top central port 52 directly to the central core of the inner 
perforated cylinder 32. The plate 50 is equipped with a ball and seat valve. The ball is captured 
by a screen cage fastened to the upper surface of the seat plate 50. The cage prevents the ball 
from being carried away with the liquid. 

The upper end of the inner perforated cylinder 32 opens into a top central port 52 formed 
within the top end cap 12. In like manner, the bottom end of the inner perforated cylinder 32 
opens into a bottom central port 54 formed in the bottom end cap 14. 

Formed in the top and bottom end caps 12 and 14 are respective annulus ports 56 and 58. 
The top annulus port 56 opens into an annular channel 60 formed in the top end cap 12. 
Similarly, the bottom annulus port 58 opens into an annular channel 62 formed in the bottom end 
cap 14. The annular channels 60 and 62 are in fluid communication with an annular chamber 64 
located between the outer surface of the outer perforated cylinder 22 and the inside surface of the 
case 16. 

In operation of the device 1 0, the desired media 40 is coupled to the media inlet channel 
44 via external piping and valve arrangement. The media outlet channel is valved to a closed 
position. The media 40 is preferably coupled to the device in a liquified form so that it fills the 
media chamber 38, preferably above the plate 50. If the media 40 does not fill the media 
chamber 38 above the plate 50, then the influent could be short circuited from the top annulus 
port 56 directly to the central core of the inner perforated cylinder 32, without being filtered. 
Once the media chamber 38 is filled with the media 40, the inlet channel 44 and the outlet 
channel 42 are valved to a closed condition. 

During an optional intermediate cycle, called a purge cycle, the media 40 is packed or 
otherwise caused to settle in the media chamber 38. During this cycle, a liquid is input into the 
central inlet port 52, and the bottom annulus port 58 is briefly opened to relieve the internal 
pressure of the device 10. This action allows the liquid to force the media 40 downwardly in the 
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media chamber 38 into a concentrated or packed condition. If needed, additional media 40 can 
be input into the media chamber 38 as a result of the purge cycle. 

During a filter or coacting stage, the undesired matter is removed from the influent The 
influent is coupled via external piping and valve arrangement to the top annulus port 56 and or 
the bottom annulus port 58. The influent is thus coupled to the annular chamber 64 that 
encircles the entire length of the outer perforated cylinder 22. The influent is forced in a radial 
direction through the media 40 located in the media chamber 38. chamber 38. The influent that 
passes through the media particles is effectively filtered or coacted. The filtered influent passes 
radially through the media 40 and through the openings in the inner perforated cylinder 34 and 
downwardly m the core of the inner perforated cylinder 34 to the central outlet port 54 From 
the central outlet port 54, the filtered liquid, i.e., effluent, is carried externally from the system to 
other equipment for further processing, or to terminal equipment. 

The filter process continues until the media has accumulated particulate matter to the 
extent that the pressure in forcing the influent into the device 10 increases above a predefined 
threshold. When the device is used for coacting the influent with the media, the coacting cycle 
continues until there is an indication that the media is no longer effective in removing the desired 
chemical from the influent. In this event, a regeneration procedure or cycle can be instituted. 

A system incorporating the device 10 is illustrated in Fig. 2. The regeneration stage is 
shown. The system includes a valve 72 controlling the outlet channel 42 of the device 10, and a 
pump (not shown) suited for pumping a liquid into the top central port 52 of the device 10 A 
container 78 is illustrated of the type adapted for removing particulate matter from the media 40 
or regenerating the media 40 to reconstitute it to its pristine condition. The external valving 
arrangement is switched so that a liquid enters the device 10 via the top central port 52. The 
liquid is forced into the central core of the inner perforated cylinder 32. The ball in plate 50 
forced closed in its seat by the pressure of the liquid. The liquid is thus forced to flow through 
the openings 34 in the top portion of inner perforated cylinder 32, and into the top of the column 
of media 40. This applies a downward force on the column of media 40. At the same time the 
liquid is forced radially outwardly at the top of the media chamber 38 and into the annular ' 
chamber 64, to the bottom thereof. The liquid in the annular chamber 64 reenters the media 
chamber 38 at the bottom thereof and tends to liquify the media and flush it down the outlet 
channel 42, through the open valve 72 and to the container 78. Once the media 40 begins to 
fluidize and be carried out the outlet channel 42, there is an avalanche effect that results in the 
quick and efficient removal of the media 40 from the device 10. 

The media is regenerated by conventional means in the container 78 or other regeneration 
system. In the event the media 40 are beads, the container can be equipped with equipment so 
that a liquid is forced into the bottom of the container with sufficient velocity so that the axial 
drag forces overcome the buoyant weight of the media beads, whereupon fluidization occurs and 
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the particulate matter is separated from the media and carried out of the top of the container 78. 
For other types of media chemicals, heat and other materials can be used to regenerate the media 
40. 

In accordance to an important feature of the invention, much less liquid is required during 
the regeneration cycle, as compared to prior art systems. In other applications, the container 78 
may be physically located below the device 10, in which event the media 40 can be allowed to 
be fluidized by the action of gravity, and be carried to the container where it is regenerated. 

Fig. 3 illustrates the system in the state in which the media is resupplied to the device 10. 
After the media 40 has been regenerated in the container 78, it is pumped by a pump 80 in a 
slurry through the open valve 82 to the inlet channel 44 of the device 10. The slurry of media 40 
is carried into the media chamber 38 and fills it from bottom to the top thereof. The outlet 
channel 42 of the device can be vented to relieve internal pressure during the refilling cycle and 
expedite filling of the media chamber 38 with the regenerated media 40. 

In other systems, one or more containers 78 can be utilized for regenerating the media 40. 
One container 78 can be employed to regenreate the media 40 and hold the regenerated media 40 
until needed. While the device is operating to filter or coact an influent, the media chamber 38 is 
filled with the media 40. When it is time to regenerate the media, the media 40 can be carried 
from the device 10 to the second container where it is regenerated. During regeneration of the 
media 40 in the second container 78b, the regererated media 40 held in the firat container 78a 
can be pumped into the media chamber of the device 10 an it can be placed into operation during 
the regeneration of the spent media in the second container 78b. 

This same process can be carried out with a number of devices 10a, 10b....l0n as shown 
in Fig. 4. Here, a single container 78 can be employed to sequentially regenerate the media 40 
from plural devices. In addition, plural containers can also be used to regenerate the media in a 
system of plural devices. 

The foregoing system is well adapted for use with media that is difficult to fluidize 
within the device itself, as described in U.S. Pat. No. 6,322,704 by Martin. Such systems may 
include a device 10 using a zirconium powder as a media to filter arsenic form water. The 
zirconium media can be regenerated chemically in the container 78 or regeneration system. 

From the foregoing, the various advantages of the invention are set forth below. 
No backwash chamber needed, although could still be included where applicable. 

No orifices needed for fluidization although could still be included where applicable, such as where 
periodic backwashing of the media is desirable. 

One check valve approximately 4 - 5 inches down from the top of the inside cylinder to prevent channeling 



Page 5 of 6 



of the fluid at the top during the filter cycle, if so desired or where needed. 

Mechanism of fluidization out the bottom - Media itself replaces the resistances in both the outside annular 
and the inside cylinder to produce the axial forces required to discharge the media out of the filter. 

Media may be completely removed to an external vessel separate from the filter. 

End Caps contain media access thru ports, channels, grooves or other means so media can be 
discharged from the filter. 

After media is discharged thru the bottom it may be followed by a filter or spray cycle to remove any of the 
media that may still be left up in the filter, especially any media that may be next to the inside of the 
outside filter screen. 

Fluidization out the bottom provides a superior job of removing any media next to the inside of the outside 
filter screen compared to normal fluidization into a top backwash chamber. 

The very real possibility exists that an otter solid shell that forms the annular space between the outside 
perforated filter chamber and the inside of such outside shell may not even be necessary which would 
allow for multiple element cases and other means of piping arrangement. 

Filters maybe placed vertically or horizontally and recharged in place or removed and regenerated either 
vertically or horizontally or even inverted. 

A quick connect on the end cap could replace the port or channel and allow for quick media change out. 
The regeneration stage can take place in the filter itself with or without a backwash chamber. 



Lastly, there may be times when the regeneration process described in Fig. 2 can be done in the device 
10 itself. 



What Is Claimed Is: 

1. A method of coacting an influent with a media, and for regenerating the media, 
comprising the steps of: 

coacting the influent with the media by passing the influent radially through an annular 
column of the media contained in an annular-shaped media chamber, 

removing the media out of the media chamber by fluidizing the media and carrying the 
media to a regeneration container; and 

regenerating the media in the regeneration container, and 

carrying the media from the regeneration container to the to the media chamber. 



Page 6 of 6 



dMA£- 0706PV 

BEST AVAILABLE COPY 




St 



HI 



I 



$1 



9= 



It 



2/3 



BEST AVAILABLE COPY 




F/R 2 



11 



ii 



10a 



• • • 



it 



F/G 4 




BEST AVAILABLE COPY 




.7* 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

ZD IMAGE-CUT OFF AT TOP, BOTTOM OR SIDES 
"""" ED TEXT OR DRAWING 
RRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 

□ REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 

IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 



